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(71) We, RION KABUSHIKI 
KAISHA, of No. 24 — 41 Higashi-motornachi 
3-chome, City of Kokubunji, Tokyo, Japan, 
a body corporate organized and existing under 

5 the Laws of Japan, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 

10 The present invention relates to improve- 
ments in piezoelectric ceramic compositions 
suitable for use as electromechanical trans- 
ducers. 

There is already known a wide variety of 

15 piezoelectric ceramic compositions, for ex- 
ample, the composition may be a one-com- 
pr.ncnt system comprising barium titanate 
(BaTi0 3 ) cr potassium metaniobate (KNb0 3 ), 
which have the perovskite structure, lithium 

20 metaniobate (LiNb0 3 ), which has the ilmenite 
structure, or lead metaniobate (PbNb0 3 ), 
which has the tungsten bronze structure. Alter- 
natively, the composition may be a binary 
system, such as lead zirconate titanate com- 

25 posed of PbZr0 3 and PbTi0 3 effectively in 
solid solution and having the perovskite struc- 
ture. This lead zirconate titanate has had its 
electromechanical coupling improved by partly 
replacing the lead by bivalent strontium (Sr 11 ), 

30 calcium (Ca 11 ) or barium (Ba Tl ), which have 
substantially the same ion radius as lead. 

Recently, there have been proposed piezo- 
electric ceramic compositions in the form of a 
ternary system including the abovementioned 

35 lead zirconate titanate and having added there- 
to Pb(Nb a/3 Co 1/a )O s or Pb(Nb 2/3 Mg 1/3 )0 3 
having the composite perovskite structure. In 
addition, lead barium zirconate titanate 
PbZrOo— PbTi0 3 — BaZr0 3 — BaTi0 3 , 

40 a quaternary system, has been reported in an 
article bv T. Ikeda entitled "Studies on 
(Ba— PbXTi— Zr)0 3 System", in the Journal 
of the Physical Society of Japan, Vol. 14, 
page 168 (1959). This lead barium zirconate 

45 titanate is the first known quaternary system 
for a piezoelectric ceramic composition. This 
known quaternary system is composed essen- 



tially of four components having identical 
crystallographic structures. 

The present invention consists in a piezo- 50 
electric ceramic composition in the form of a 
solid solution containing only the components : 

(1) from 30 to 60 mol % of lead titanate, alone 
or in admixture with an up to equimolar 
amount of lead stannate; (2) from 40 to 70 55 
mol % of lead zirconate, alone or in admix- 
ture with an up to equimolar amount of lead 
stannate, components (1) and (2) totalling 100 
mol % ; (3) from 1 to 30 mol .% of PbO, CaO, 
SrO, BaO or CdO or a mixture thereof; and go 
(4) from 1 to 15 mol % of Nb 2 0„ Ta.O %5 or 
Bi 2 Q. s or a mixture thereof; the percentages 

of components (3) and (4) being based on the 
total of components (1) and (2). 

When components (3) and (4>— the oxide 65 
and pentoxide — are combined in certain 
special mol ratios, they may be considered to 
form a single component of formula 
A m MO !2 . :i+jniJ where m is 0.25, 0.1, 0.75, 1.00, 
1.25 or 1.5C. Therefore, the invention also pro- 70 
vides a piezoelectric ceramic composition in 
the form of a solid solution containing only 
the components: (1) from 30 to 60 mol % 
of lead titanate, alone or in admixture with an 
up to equimolar amount of lead stannate; (2) 75 
from 25 to 65 mol % of lead zirconate, alone 
or in admixture with an up to equimolar 
amount of lead stannate; and (3) from 1 to 30 
mol % of a compound of general formula 
A m MO, 2 . s+nilJ where A is Pb 11 , Ca 11 , Sr 11 , Ba" 80 
or Cd 11 , M is Nb v , Ta v or Bi v and m is 0.25, 
0.5, 0.75, LOO, 1.25 or 1.50, components (1), 

(2) and (3) totalling 100 mol %. 
Electromechanical transducers using piezo- 
electric ceramic compositions are well known 85 
in the art as to their construction and mode of 
operation. 

The conventional multi-component systems 
of piezoelectric ceramic compositions, such as 
previously described, suitable for use in elec- 90 
tromechanical transducers all have been com- 
posed of components having the same crystal- 
lographic structure. However, the invention is 
based upon the discovery that the combination 
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of lead zirconate titanate (PbZr<3 3 — PbTiO a ) 
of the perovskite structure with one or two 
components different in crystallographic struc- 
ture therefrom leads to improvements in the 

5 coefficient of electromechanical coupling or 
planar coupling and in the dielectric constant. 

The piezoelectric ceramic compositions 
according to the invention are quite different 
in composition from the conventional ones and 

10 may be expressed by the general formula: 

aPbTiO, +bPbZrO a 4- cAO + dM a O, 

(1) 

where A and Al have the same meanings as 
above and where the PbTi0 3 and/or the 
PbZrO. may be partly replaced by PbSn0 3 . 

15 In the above formula (1) the coefficients 
6, by c and d designate the molar percentages 
cf the associated components formed into a 
solid solution. Thus, a ranges from 30 to 60% 
and b ranges from 40 to 70% with a4-b= 

20 100%. Coefficients c and d in the third and 
fourth terms range respectively from 1 to 
30% and from 1 to 15'%, based upon the 
total moles of lead titanate and lead zirconate, 
or the mixtures of lead titanate and lead 

25 zirconate with lead stannate. 

The following discussion of the invention is 
primarily directed to the case in which the 
third and fourth components are lead oxide 
and niobium pentoxide, respectively. It will, of 

30 course, be understood that the lead and the 
niobium may be replaced by any one of the 
other equivalent elements listed above. Select- 
ing, then, lead and niobium as the elements 
"A" and "M" respectively, formula (1) can 

35 be rewritten as: 

aPbTiO., + bPbZr0 3 + cPbO + dNb.O, 

(i'> 

That is, the compositions expressed by the 
formula (!') have, in addition to the princi- 
pal components, lead titanate (PbTi0 3 ) and 

40 Jead zirconate (PbZrO.i), lead oxide (PbO) 
and niobium pentoxide (Nb-O-) combined 
with the principal components. Lead titanate 
and lead zirconate have the perovskite struc- 
ture while lead oxide and niobium pentoxide 

45 have different crystallographic structures from 
the principal components. 

If lead monoxide (PbO) and niobium pent- 
oxide (Nb a O.,) are combined in certain molar 
ratios with each other then the oxides can be 

50 considered to form together a single com- 
ponent, expressed as Pb n ,NbO .- 2 - +m , where m 
is 0.25. 0.50, 0.75, 1.00, 1.25 or 1.50. For ex- 
ample, putting m=0.5 provides lead meta- 
niobate (Pb„..,Nb0 3 or PbNb,.O fi ) having the 

55 tungsten bronze structure and putting ?h = 1.0 
provides lead pyroniobate (Pb 2 ND;.0 7 or 
PbNbO r ...O having the pyrochlore structure. 
These materials themselves are known as ferro- 
electric materials and disclosed, for example, 



by R. S. Roth in "Phase Equilibrium Relations 60 
in the Binary System Lead oxide-Niobium 
Pentoxide", Journal of Research of National 
Bureau of Standards, Vol. 62, page 27 (1959). 

Under these circumstances, the formula (1) 
can be transformed into the following 65 
formula : 

a'PbTi0 3 + bTbZrO a + c'Pb ll ,NbO (2 . i+ „i) 

(2) 

where a', b" and c' designate the molar per- 
centages of the associated components and m 
has the same value as above. Those composi- 70 
tions of formula (2) are, of course, within the 
scope of the invention as a specific form. In 
other words that form of the invention ex- 
pressed by the formula (a) includes a binary 
system (lead titanate-lead zirconate) having 75 
the perovskite structure having added thereto 
a tertian' component composed of lead oxide- 
niobium pentcxide having the tungsten bronze 
or pyrochlore structure to form a ternary 
system composition into a solid solution. 80 
* It has been found that the piezoelectric 
compositions in the form of a ternary system 
consisting, by molar ratio, essentially of from 
30 to 60% of lead titanate, from 25 to 65% 
of lead zirconate and from 1 to 30% of a 85 
component PbNbO I2 . J+ „„ with the three com- 
ponents formed into a solid solution having 
unexpectedly improved physical properties, 
such as planar coupling coefficient k p and di- 
electric constant e. 90 

It has also been found that bivalent lead 
forming part of the third component of 
formula (2) may be wholly or partly replaced 
by any one of bivalent calcium (Ca 11 ), 
strontium (Sr n )> barium (Ba 11 ) or cadmium 95 
(Cd n ) 5 which are substantially equal in ion 
radius to the bivalent lead. Similarly penta- 
valent niobium (Nb v ) may be wholly or partly 
replaced by either pentavalent tantalum (Ta v ) 
or bismuth (Bi v ). It has been further found 100 
that either or both of titanium (Ti) and 
zirconium (Zr) may be partly replaced by tin 
(Sb). 

Therefore the compositions in the form of 
a ternary system can be expressed by the 105 
general formula 

aTbTiOnH-bTbZr0 3 -fc'A ni MO,. 5+m 

(20 

where A, M and m have the same meanings 
as above and the coefficients a\ b T and c' range 
from 30 to 60 mol !%, from 25 to 65 mol % 110 
and from 1 to 30 mol %, respectively, a% V 
and c' totalling 100 mol %. 

In the ternary systems above described, the 
proportions of AO and M 2 0- forming the ter- 
tiary component A^MoO*.^ are subject to 115 
some limitations. However, it has been found 
that AO and JvLO.- can be satisfactorily com- 
bined in any desired proportion with each 
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other within certain limits. This results in the 
quaternary system as expressed by the general 
formula (1). 

The compositions disclosed herein may be 

5 prepared in accordance with various ceramic 
procedures which in Themselves are well known 
in the an. With lead (Pb) and niobium (Nb), 
for example, selected as the A and M elements 
set forth in the formula (1) or (2'), a preferred 

10 method involves the use of lead oxide (PbO), 
niobium pentoxide (Nb 2 0-), titania (Ti0 2 ) and 
zirconia (Zt0 2 ) all of a relatively pure grade 
(e.g. CP. grade) combined in the desired 
proportions. The starting materials are inti- 

15 mately mixed in a small ball mill for from 
1 to 1.5 hours. The resulting mixture is then 
calcined in a suitable furnace, such as a Barch 
furnace, at a temperature of from 880°C to 
S90°C and is thereafter maintained at the cal- 

20 cining temperature for one hour. The calcined 
material is finely pulverized in a small ball 
mill for about one hour and the finely pulver- 
ized material is then mixed with a suitable 
binder, such as a 7% solution of polyvinyl 

25 alcohol in an amount of about 8% based upon 
the weight of the pulverized material. The 
resulting mixture can be pressed in a suitable 
mould under a pressure of 2400 kg/cm 2 to 
form it into the desired shape and dimensions. 

30 The bodies thus formed are sintered in a suit- 
able furnace, such as a Barch furnace, at a 
temperature of from 1200° to 1300°C de- 
pending on the particular composition and are 
then maintained at the sintering temperature 

35 for a period of from 1.5 to 2 hours. 

In order to prevent the lead contained in 
the starting materials from vaporizing in either 
the calcining or the sintering process, it is 
preferred to process the material within a 

40 crucible of sintered magnesia of high purity 
and particularly to effect sintering in an at- 
mosphere including a sufficient amount of lead 
vapour. The final products obtained by these 
means were found by chemical analysis to be 

45 substantially free from loss of lead. 

To demonstrate the effectiveness of the in- 
vention, the method described above was used 
to prepare disc-shaped ceramic bodies having 
a diameter of from 21 to 21.7 millimeters de- 

50 pendent upon the composition and a thick- 
ness of 2 millimeters. A silver paint was 
applied to the opposite main faces 
of each ceramic body and baked at about 
7C0°C to provide the respective electrodes on 

55 the opposite faces. While the ceramic bodies 
might be electrostatically polarized in any 
desired manner they could be effectively sub- 
jected to successive electrostatic polarizations 
in three separate vessels filled with a silicone 

60 oil at different temperatures such that the 
polarization was first effected at 200°C for 5 
minutes in a first vessel, then at 100°C for 5 
minutes in the second vessel and finally at 
room temperature for 5 minutes in the third 



vessel with the ceramic bodies always put in a 65 
polarizing electric field of 25 Kilovolts per 
centimeter. Thus the polarization time totalled 
15 minutes. This measure serves to reduce a 
time period for which the ceramic body is 
continuously put in the electric field while its 70 
temperature decreases from its high magnitude 
to room temperature. In addition it was found 
that for each triad of ceramic bodies identical 
in composition to one another and electro- 
statically polarized in the manner described 75 
above, the measured magnitudes of physical 
constants as will be subsequently described 
varied from one another only within 5%. 

The dielectric constant e of each ceramic 
body was determined from its capacitance, 80 
measured using the well known bridge method. 

In order to determine the planar coupling 
coefficient k„ of each body, the constant volt- 
age method, well known in this art, was used 
to determine the resonance frequency f R and 85 
antiresonance frequency f A thereof. Then the 
planar coupling k p in the radial direction of the 
disc was calculated from accordance with the 
equation 

1 fA 2 ~fn 2 

k n == 90 

P f^ 2 

where 

2(1 +a E ) 

P= 

i/l-Il -(a*)*] 

In the equation^ is the Poisson's ratio of 

S i2 E 

the material, expressed by a E ~ >, where 

S n r> and S 12 ,: are elastic compliance with an 95 
electric field having a constant intensity. ^ is 
a root of the equation: 

>/Jo(>h)-(l- cr E )J 1 (i/ J >=0 

where J 0 and J a are Bessel functions. Piezo- 
electric ceramic materials generally have a 100 
Poisson's ratio o- E of about 0.3 and therefore 
Vi will have a value of 2.05. 

Examples of piezoelectric ceramic composi- 
tions according to the invention and various 
physical properties thereof are listed in the 105 
following Tables I and II. Table I lists the 
amounts of the four components PbTiO^, 
PbZrO.,, AO and M 2 0,, in moles and the cal- 
cining and sintering temperatures in °C and 
Table II gives the density in g/cc, dielectric 110 
constants e h and e a respectively before and 
after electrostatic polarization, planar coupling 
coefficient k p and mechanical coefficient Q or 
Q:„. All the listed examples were prepared in 
accordance with the method previously des- 115 
cribed starting with the corresponding raw 
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Temp, 
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Composition 


AO 
in Moles 


0.110 BaO 1 
0.110 „ 
0,110 „ 

0.085 BaO 
0.085 „ 
0.085 „ 

0.055 BaO 
0.055 „ 
0.055 „ • 

0.085 BaO 
0.085 „ 
0.085 „ 




« 0> 

O -3 

2 s 


0.555 
0.535 
0.510 

0.635 
0.610 
0.590 

0.580 
0.555 
0.535 

0.610 
0.590 
0.565 




g-i 


0.445 
0.465 
0.490 

0.365 
0.390 
0.410 

0.420 
0.445 
0.465 

0.390 
0.410 
0.435 


Example 
No. 


cm m mvor- ooao — ■ cm 
in in in in in in in in \o \© 0 v© 


Group 
No. 


XV1I1 
XIX 
XX 
XXI 
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TABLE II 
Physical Properties of Present Compositions 



Group 
No. 


Example 
No. 


Density 
g/cm 3 


Dielectric 
Constant 


Planar 
Coupling 

kn i 


Mechanical 

v<ra 


Before 
Polar. 


After 
Polar. 


1 


1 


7.6 


1020 


910 


0.525 


43 




2 


7.6 


1100 


1320 


0.540 


41 




3 


7.6 


1230 


1480 


0.515 


3Q 


TT 
II 


4 


7.7 


1420 


1430 


0.605 


90 




5 


1.1 


1540 


2090 


0.635 


82 




6 


7.7 


1460 


1870 


0.560 


ot 


III 


7 


7.6 


1100 


1040 


0.550 


106 




8 


7.6 


1850 


2280 


0.630 


82 




9 


7.6 


1760 


2020 




04. 


IV 


10 


7.7 


1410 


1530 


0.580 


86 




11 


7.7 


1550 


2410 


0.660 


75 




12 


7.7 


1400 


2130 


0 fv*5 


ox 


V 


13 


7.7 


1360 


1160 


0.585 


92 




14 


7.8 


1490 


1770 


0.640 | 


71 . 




15 


7.7 


1490 


1970 


0.635 


76 


VI 


16 


7.7 


1310 


1230 


0.560 


96 




17 


7.8 


1280 


1790 


0.600 


100 




18 


7.8 


1450 


1370 


0.500 


149 


VII 


19 


7.8 


1060 


935 


0.540 


93 




20 


7.8 


1230 


1470 


0.545 


96 




21 


7.8 


1010 


1030 


0.540 




VIII 


22 


7.6 


1020 


960 


0.345 


158 




23 


7.6 


1050 


1310 


0.380 


120 




24 


7.6 


940 


1000 


0 360 


1 1 5 


IX 


25 


7.5 


1180 


1120 


0.435 


123 




26 


7.6 


1310 


1420 


0.470 


111 




27 


7.4 


1240 


1440 


0 440 


190 


X 


28 


7.5 


1160 


1160 


0.440 


100 




29 


7.5 


1320 


1670 


0.505 


88 




30 


7.5 


1250 


1470 




106 


XI 


31 


7.8 


1550 


1740 


0.575 


82 




32 


7.8 


1530 


1930 


0.585 


84 




33 


7.8 


1480 


1770 


0.550 


95 


XII 


34 


7.4 


945 


830 


0.275 


144 




35 


7.5 


1040 


1020 


0.350 


102 




36 


7.6 


1080 


1230 


0.320 


110 


XIII 


37 


7.5 


1740 


1650 


0.440 


114 




38 


7.5 


1810 


2580 


0.545 


88 




39 


7.5 


1850 


2380 


0.510 


121 



3NSDOCID: <GB 1291 761 A_l_> 



8 



1,291,761 



8 



TABLE II (Continued) 



Group 
No. 


Example 
No. 


Density 
g/cm a 


Dielectric 
Constant 




Mechanical 

Qra 


Before 
Tolar. 

*-D 


After 
Polar. 

£ a 


X. lallal 

Coupling 
k p 


XIV 


40 


7.4 


3200 


3140 


v . _>ou 


70 


. 41 


7.3 


3050 


3500 


0.590 


85 




42 


7.3 


2660 


2940 


0.550 


159 


XV 


43 


7.2 


1850 


2450 


n ^Afi 
\j . 




44 


7.4 


1850 


2680 


0.580 


63 




45 


7.3 


2240 


3250 


0.545 


77 


XVI 


46 


7.1 


3670 


3950 


a -I OA 






47 


7.1 


3370 


3460 


0.220 


— 




48 


7.2 


2800 


2790 


0.320 


91 


XVII 


49 


7.6 


1300 


1250 




1 10 


50 


7.6 


1530 


1660 


0.545 


90 




51 


7.5 


1640 


2450 


0.560 


80 


XVIII 


52 


7.6 


2980 


2940 


A AAA 


90 


53 


7.6 




JlD\J 


0.630 


80 




54 


7.6 


1970 


2450 


0.570 


105 


XIX 


55 


7.5 




2500 


0.230 




56 


7.5 




2940 


0.310 


59 




57 


7.3 




2460 


0.350 


70 


XX 


58 


7.7 


2020 


2190 


0.470 


79 


59 


7.7 


2050 


2770 


0.510 


71 




60 


7.7 


1940 


2430 


0.500 


92 


XXI 


61 


7.8 


2780 


2670 


0.180 






62 


7.8 


2800 


2820 


0.220 






63 


7.8 


2530 


2680 


0.280 





In the above Tables I and II, Group I is 
listed only for control purpose and substan- 
tially corresponds to a conventional composi- 

5 tion composed of the binary lead zirconate- 
lead titanate system having added thereto 
niobium pentoxide (Nb.O-). The remaining 
Groups represent specific compositions accord- 
ing to the invention. From Table II it is seen 

10 that the compositions of the present invention 
were significantly improved in planar coupling 
coefficient and dielectric constant as compared 
with those of Group 1. 

More specifically, the control compositions 

15 of Group 1 included 0.055 mole of Nb-O- 
and varying proportions of PbTiOa and 
PbZrO ;j totalling 1 mole. In Group 1 0.41 
gram atom of titanium rendered the planar 
coupling coefficient maximum. Examples 1 

20 and 3 illustrate the compositions and physical 
constants on either side of that composition 
providing the maximum value of planar 
coupling coefficient k,,. 



The compositions of Group II included 
0.055 mole of Nb.O- and 0.03 mole of PbO 25 
and varying proportions of PbTi0 3 and 
PbZrO:, totalling 1 mole. The planar coupling 
coefficient k„ had a maximum value of 0.635 
for C.43 gram atom of titanium. Group II 
was significantly higher in both planar 30 
coupling coefficient and dielectric constant 
than Group 1. 

Group III differed from Group II in that 
Group III included PbO in an amount of 
0.055 mole rather than 0.030 mole. Group III 35 
was nearly equal in planar coupling coefficient 
to Group II but somewhat higher in dielectric 
constant (e a ) than Group II. 

In Group IV it is noted that Example 11 
had the highest values of the planar coupling 40 
coefficient k p and dielectric constant <? a of 
Groups I to VII. The PbO component com- 
bined with the NboO. component can be ex- 
pressed as Pb 4K7 -Nbb 3 .-w, corresponding to 
m=0.75 in the third term of formula (2). 45 
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That is, the components can be considered to 
be combined together in a molar ratio of 3 
to 2 to provide a singlec omponent. There- 
fore Group IV corresponds to the composition 

5 of a ternary system according to the invention. 
Similarly, Group V includes the tertiary 
component PbNb0 3 .- or Pb 2 Nb^O„ having 
the pyrochlore structure, which may be con- 
sidered to be formed of PbO and NbaO., in 

10 the specified molar amounts. Group V was 
sintered at 1260°C, which is 20°C less than 
the sintering temperature for Groups I to IV. 

Also, the sintering temperature for Groups 
VI and VII was still less than that for Group 

15 V. 

In Groups XIII through XXI the AO com- 
ponent resulted from the corresponding car- 
bonate. 

The invention is further illustrated with 
20 reference to the accompanying drawings in 
which : 

Figure 1 is a graph plotting certain physical 
properties against the amount of one com- 
ponent of a quaternary system constructed in 

25 accordance with the invention; 

Figure 2 is a graphic representation of the 
quantitative relationship between one of the 
principal components and the same component 
as shown in Figure 1 of a quaternary com- 

30 position in accordance with the invention pro- 
viding a maximum coefficient of planar 
coupling; and 

Figure 3 is a triangular compositional dia- 
gram of materials utilized in the ternary sys- 

35 tern of the invention. 

Referring now to Figure 1, there is illus- 
trated the relationship between the amount of 
lead oxide (PbO) forming the third term of 
the formula (1') along the abscissa and the 

40 maximum value of the planar coupling co- 
efficient measured in the experiments conduc- 
ted with Group I through VII for each Group 
and also the corresponding dielectric constant 
e A along the ordinates. The experiments were 

45 conducted with the amount of niobium pent- 
oxide (Nb 2 0.) maintained at 0.055 mole. It is 
noted that the planar coupling coefficient k P 
has its maximum value for about 0.09 mole 
of PbO and that the variation of k p with PbO 

50 content is similar to the variation of the di- 
electric constant c a with PbO content. It is to 
be undersood that a change in amount of 
Nb 2 0., leads to a variation in the curves shown 
in Figure 1. 

55 Figure 2 shows another aspect of the results 
of the experiments described above. That is, 
for that composition in each Group providing 
the maximum value of planar coupling co- 
efficient k r , the amount in moles of PbO is 

60 plotted along the abscissa against the amount 
of PbTi0 3 along the ordinate. From Figure 2 
it is seen that the relationship between the 
amount of the components is substantially 
rectilinear. This means that, in order to give 

65 the planar coupling coefficient a maximum 



value, a variation in the amount of lead atoms 
is accompanied by a corresponding variation 
in the amount of titanium atoms. 

While Figures 1 and 2 illustrate the results 
obtained in terms of lead and titanium respec- 70 
tively, it is to be understood that similar 
results are obtained in the case of equivalent 
elements such as calcium and tantalum. 

As shown in Figure 3 the piezoelectric 
ceramic compositions in the form of a ternary 75 
system consists essentially of a material selec- 
ted from the hatched area D E F G H I. In 
the hatched area, the compositions lying on 
the line e f, that is, including 10 molar per- 
cent of Pb m NbO«., ri +„ J or its equivalent are 80 
particularly high in both planar coupling co- 
efficient k p and dielectric constant e*. 

It has been found to be preferable that the 
present compositions in the form of a ternary 
system consist essentially of from 30 to 50 85 
mol % of lead titanate alone or in admixture 
with an up to equimolecular amount of lead 
stannate, from 40 to 60 mol '% of lead zircon- 
ate alone or in admixture with an up to equi- 
molecular amount of lead stannate and from 90 
3 to 15 mol % of a tertiary component of 
formula A IU MO {2 . r ,+m» where A, M and m 
have the same meaning as above. It is also 
found to be preferable that the compositions 
in the form of a quaternary system consist 95 
essentially of from 40 to 50 mol percent of 
lead titanate alone or in admixture with an up 
to equimolecular amount of lead stannate from 
50 to 60 mol percent of lead zirconate 
alone or in admixture with an up 100 
to equimolecular amount of lead 
stannate from 2.5 to 20% of a tertiary 
component (AO) and from 2.5 to 10 mol per- 
cent of a fourth component Nb 2 0 J5 Ta 2 0.„ 
BioO. or a mixture thereof. " 105 

WHAT WE CLAIM IS: — 

1. A piezoelectric ceramic composition in 
the form of a solid solution containing only 
the components: (1) from 30 to 60 mol % of 
lead titanate, alone or in admixture with an 110 
up to equimolar amount of lead stannate; (2) 
from 40 to 70 mol '% of lead zirconate, alone 

or in admixture with an up to equimolar 
amount of lead stannate, components (1) and 
(2) totalling 100 mol .% ; (3) from 1 to 30 mol 115 
'% of PbO, CaO, SrO, BaO or CdO or a mix- 
ture thereof; and (4) from 1 to 15 mol •% 
of NboO-, Ta 2 O r . or Bi 2 0., or a mixture there- 
of; the percentages of components (3) and (4) 
being based on the total of components (1) 120 
and (2). 

2. A composition according to claim 1, in 
which the amount of said component (1) is 
from 40 to 50 mol ,0 / 0> the amount of said 
component (2) is from 60 to 50 mol the 125 
amount of said component (3) is from 2.5 to 

20 mol :% and the amount of said component 
(4) is from 2.5 to 10 mol '%. 

3. A piezoelectric ceramic composition in 

the form of a solid solution containing only the 130 
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components: (1) from 30 to 60 mol % of lead 
titanate, alone or in admixture with an up to 
equimolar amount of lead stannate (2) from 
25 to 65 mol % of lead zirconate, alone or in 
admixture with an up to equimolar amount of 
lead stannate; and (3) from 1 to 30 mol '% 
of a compound of general formula 
A„,MO.- where A is Pb 11 , Ca 11 , Sr", Ba" 
or Cd n , M is Nb v , Ta v or Bi v and m is 0.25, 
0.50, 0.75, 1.00, 1.25 or 1.50, components (1), 
(2) and (3) totalling 100 mol %. 

4. A composition according to claim 3, con- 
taining only from 30 to 50 mol :% of said 
component (1), from 40 to 60 mol % of said 



% of 15 



component (2) and from 3 to 15 mol 
said component (3). 

5. A composition according to claim 1 or 
claim 3, substantially as hereinbefore described 
with reference to any one of the foregoing Ex- 
amples. 

6. A composition according to claim 3, sub- 
stantially as hereinbefore described with refer- 
ence to Figure 3 of the accompanying draw- 
ings. 

MARKS & CLERK, 
Chartered Patent Agents, 
Agents for the Applicants. 
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